





































2 run outs at 1.9 GPa 
10µm	
Development of Advanced Nickel-Titanium-Hafnium 
Alloys for Tribology Applications 
NASA Glenn Research Center 
Christopher Dellacorte  Ronald D. Noebe 
Water recycling system on ISS
1) Ni-rich NiTi-based Alloys for Bearing Applications 
Cobalt doesn’t corrode. 
Low damage tolerance. 
Steel corrodes. 
Medium damage tolerance. 
NiTi doesn’t corrode. 
High damage tolerance. 
Dent resistance load capacity
NASA John H. Glenn  
Research Center at Lewis Field 
440C M50 60NiTi 440C M50 60NiTi Cobalt 
22 lbs. 112 lbs. 331 lbs. 1214 lbs. 331 lbs. 1102 lbs. 3327 lbs. 




Si3N4 Balls 60NiTi Balls 
*Primary damage during 
rocket take-off 
Distribution of low 
density regions 
Density contrast in NiTiHf rod prior to RCF testing 
X-ray Computed Tomography
Untested 2mm x 4mm micro-compression sample 
sample 
Alliance for the Development of Additive Processing Technologies  
Clean wear track from runout tests 
Spalled wear tracks from failed tests 
rolling 
direction 
Used NiTiHf test 
rod: 





*Sample failed at 
500hrs (1.9GPa) 











Fatigue propagated failure initiation sites 




WAXS: Wide angle 
x-ray scattering






Ni4Ti3 ➔ Ni3Ti2 ➔ Ni3Ti 
Otsuka and Ren. Progress in materials science (2005). 






0.1 1 10 100 1000 10000 
NiTi (B2) 
NiTi + Ni3Ti 
NiTi + Ni3Ti2 
NiTi + Ni4Ti3  












 Rapid quench 





APS diffraction wheel 
48 sample positions per wheel 
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) Future HT’s 
Completed HT’s 
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•  Piezoelectric	 accelerometer	 is	 magne>cally	
aXached	to	the	test	head	to	record	the	vibra>on	







• Air	 cooled	 samples	 performed	 similarly	 to	 the	 original	 samples,	 but	 water-quenched	 samples	
produced	two	run-outs.		This	indicates	thermal	processing	plays	an	important	role	in	the	longevity	
of	the	tests	specimens.		




• Unlike	 cobalt	 alloys	 and	 high	 performance	 steels,	 NiTi	 alloys	 exhibit	 high	 damage	 tolerance	 while	 addi>onally	
benefi>ng	from	corrosion	resistance.	
2) Rolling Contact Fatigue (RCF) Testing 
• X-ray	 Computed	 tomography	 is	 conducted	 on	
the	 bulk	 material	 to	 analyze	 the	 presence	 of	
ar>facts	 that	 may	 be	 consequen>al	 to	 the	
longevity	of	the	wear	specimens.	
	
• Regions	 directly	 under	 the	 wear	 track	 surface	
are	 of	 interest	 in	 order	 to	 diagnose	 problems	
with	a	sample	prior	to	tes>ng.	






• Diffrac>on	 data	 below	 shows	 a	 superelas>c	
response	 of	 NiTiHf	 that	 is	 imparted	 under	 high	
compressive	and	torsional	loading.	
		













SAXS Detector X-rays 
Journal of Materials Chemistry 
SAXS: Small angle 
x-ray scattering
(size of precipitates)
TTT research and characterizationTTT background of binary Ni-Ti
Monoclinic 
Nickel Content (at%) 





















Optimized design space of NiTiHf















Dellacorte et al.  
NASA/TM 2012 






Stebner et al. (unpublished) 
NiTiHf alloys exhibit large 
superelasticity NiTi has better corrosion resistance than steel, but susceptible to untimely failures
Water Quenched 
NiTi 
High Performance Steel  
(Low Corrosion Resistance)
Ni55Ti45 
(High Corrosion Resistance) 
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5 run-outs (1.7 GPa) 
2 run-outs (1.8 GPa) 
1 runout (1.9 GPa) 





1 runout and 1 failed 
prior to 800hrs runout 
time at 1.9 GPa 
• NiTi	 alloys	 are	 highly	 corrosion	 resistant	 and	 comparable	
harness	to	steels,	however	they	are	prone	to	fail	before	use	as	
a	result	of	rapid	quenching.	











•  Clean	 wear	 tracks	 contain	
repe>>ve	 wear	 paXerns	 from	
surface	defects.	
ISS Distillation Cross-Section 
